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©WPI/DERWEOT 

Tl - Measuring apparatus with 11111 encoder adjusting function, for measuring high degree angle and 

horizontal angle - has angle calculating unit which adjusts output waveform of j||$ai$[ encoder based on 
stored correction values, and computes corresponding angle 
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PA - (TOKI ) TOPCON CORP 

IC -G01C1/02 ;G01C15/00 ;G01D5/245 ;G01D5/36 

AB - JP1 1 173846 NOVELTY - A ratio calculating unit computes the amplitude ratio corresponding to each 

amplitude value computed by a level calculating unit. The amplitude ratio and each provisional amplitude 
center level are stored in a memory as correction values. An angle calculating unit adjusts the output 
waveform of a iSlll encoder (14,15) based on the correction values, and computes a corresponding 
angle. 

- USE - For measuring high degree angle and ho rizontal an gle. 

-ADVANTAGE - Attains equivalent measuremen ^^^^^y if amplitude tuning of output waveform is 
physically performed even if amplitude ratio tuning of output waveform is not physically performed. 
DESCRIPTION OF DRAWING(S) - The figure shows the front elevation view (a) and side view (b) of an 
angle measuring apparatus. (14,15) jjlllf encoder. 
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^P. -JP1 9970345078 19971215 

N - KOBAYASHI MASAAKIABE TOMOHIRO 

3 A -TOPCONCORP 

n - SURVEYING DEVICE WITH ADJUSTMENT FUNCTION FOR^^^^ ENCODER 

\B - PROBLEM TO BE SOLVED: To provide a surveying device with an adjustment function for a jiMM 

encoder capable of obtaining a measurement^^^^y equivalent to physically performing the amplitude 
adjustment work of waveform output in terms of a software without physically performing the amplitude 
ratio adjustment work of the waveform output. 
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. SOLUTION: This surveying device 10 with an adjustment function formXWM encoder is provided with an 
electronic unit 20. The electronic unit 20 is provided with a function for calculating the temporary 
amplitude center level of respective waveforms based on the amplitude standard center levels of the sine 
waves and cosine waves of the 11111 encoders 14 and 1 5, the function for mutually calculating the 
amplitude value and provisional amplitude center level of one waveform from the temporary amplitude 
center level of the other waveform, the function for calculating an amplitude ratio by the respective 
amplitude values obtained by a provisional amplitude center level calculation means, the function for 
storing the amplitude ratio and the respective provisional amplitude center levels as correction values and 
the function for correcting the waveforms outputted from thellllt encoders 14 and 15 based on the 
correction values stored in a storage means and calculating angle. 
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y?^-> i b^i e»/f//flS8 0f«;iSfi>, 
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7) 2At3t^ytf B (x) oSHR (tr-?-y-t- 

[0 0 2 6] L3>L H5A^Bj^,^j:p(c. -9-4 >- 
^fft (x) cOSKffi^'VjOi:^ (lM>i£fft (x) 
OfiMtfQi . Q 2 <0£ # ) . 3-9-W >j£f B ( x) 

B ( x ) <0ffiffi**Q, ' . Q 2 • COt # ) . 1M >i£f 
„ ( x ) ^^«d*fe«Kttfbh«af»t=* 4 i t # 



[ 0 0 2 7 ] T\ >1S f ( x ) . 3if>f >i£ 
f B (x) Oggffi, «e««*"t'L'</l'* I iaSt^-HSC<7)* 

[ 0 0 2 s ] uw-f >-&f s ( x > . 3 

^f-f>-jftfB (x) (i. HRteTEtfSSCJ^TflSJh. 
h, 

[0029] 

f fl (x) -A - sin (x) +V, •■• (6) 
f b ( x) =-k • A • cos <x- P ) +V, •••(7) 
«F9pliH6fcjj*-*-J: 3fc:3iM yj£#ft/Nfi£ 
t # Steffi t: * / 2 1 Mi. timt 1M yWfiB&M 

>i£t aiM >'j&cojtcoj§isJ± ( b/a) t*>&. 

t<&5gu 3^>-?gf B (x) ^swaaj^^it, 

hiKJgUT. 3-t-f ^«f B (x) <DjSitiT B £3<#>T ji 



[ 0 0 3 0 ] -9- >f >m<r' h ( x ) cojg? 

t 2 <0fc*«)31f>f ^»f B (x) ti. 



t 2 =Asin (x ) +Vj 

x= sin-i ( ( tj-Vj ) ,/A) =X 

f b- (X) =-k - A • cos (X-p ) +V 2 

f B , (X) =-k • A -cos (tt-X-p) +V 2 
= k • A • cos (X+p ) +V 2 

T B =f E+ (X) -f b- (X) 

= k • A • cos (X-p ) +V 2 H-k • A • cos (X + p ) -V 2 

= k A (cos ( X ) cos ( p ) +sin ( x ) sin ( p ) +cos ( X ) cos ( p ) 

—sin ( x ) sin ( p ) ) 
= 2 k A • cos ( X ) cos ( p ) 

= 2kA -cos (p) cos (sin" 1 ( (t 2 -Vi ) /A) ) — (7A) 



ra«£LT, -»M>"Mf ft (x) <0Si«T A a 
-9--f>i£f E (x) OfeSM^ajU-^t.jCOtg!^ 
t j = — k Acos(x — p ) +V 2 



-<>1&.f k (x) «. 



x - COS" 



( (t,-V 2 ) ,/kA) +p=Y 



±E ( 7 A ) 



f „. (Y) =A • sin (Y) +V, 
f A+ (Y) =A • sin U-Y) +V, 

= - A • sin ( Y) + Vj 
Tft= f A+ ( Y) - f «- ( Y) =-A • sin (Y) +V, -A • sin ( Y) -V, 
= -2Asin (Y) 

= -2Asin (cos" 1 ( (t,-V s )/kA) +p) 
= -2 A {sin (cos- 1 ( ( t,-V 2 ) / kA) cos ( p ) + 
cos (cos -1 ( ( tj — V 2 ) /kA ) sin ( p ) i 
= -2 A !sin (cos' 1 ( ( t,-V 2 ) /kA) cos ( p ) + 

( (t,-V 2 ) /kA) sin ( P ) ! ••• (7B) 

( 7 b > x 0 . m^mmitKit. 

K = T B /T fl 

= 2 k A • cos ( p ) cos (siir 1 ( ( t 2 - V, ) /A ) ) / 
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! - 2 A {sin (cos- > ( ( t , — V 2 ) /kA) cos ( p ) + ( ( t , -V, ) 
A) -sin (p) ) ! ••• (7C) 



t 2 = V 1 ^fc<t. (7C)3«tt. 



= V 2 , t^VjT-^^^h^frt^rO, t,=V 2 , 

K = 2 k A -cos (p) cos (sirr* ( (Vj-Vj) ,'A) ) / {-2A {sin (co 
s" ] ( (V 2 -V 2 ) /kA) cos (p) + ( (V 2 -V 2 ) /kA) -sin (p) } 

i 

= ± 2 k Acos ( p ) /± 2 Acos ( p ) = ± k 
mmtt k (ilE-CJ) **>T» K = k = v, t LT3Rtf>& t , >'M f B ( x ) Ojft1i4"D 

"IfW^f A <.x>.<^*g>f't^^/HW A , n-^-Y l^/HW B (i. 
yfefv (x) £0»s4"^K;l-M B {S N tj = V 2 . t 2 

M E = ( f E+ (X) + f E _ (X) ) /2 

= { kA • cos (X-p ) +V 2 -kA • cos (X+p ) +V 2 ! /2 
= ! 2 k A ■ sin ( p ) ■ sin ( X ) + 2 V 2 ( / 2 

= { 2k A • sin ( p ) -sin (sin"i ( ( t 2 -V, ) /A) ) +2V-. ! / 

2 

= V 2 

mmz, +M>i£f A <x) con*a^i''^"M, 1 u\ 

M A = ( f A+ (Y) +f fl _ (Y) ) /2 

= ( — A • sin ( Y ) +Vj +A • sin <Y) +V, ) /2 
= V, 

i-^T, 3lM>i£fB ( x ) (?)Jii|©cp'C»l' / <yPV 2 T"*f 

a (x) comm&Witb. im y%Lf* (x> <^js 

«4n£>U*CA'V 1 T-:nM >}ft f B ( x ) ^mm^^>ix 
it\ -*M>i£f A (x) . aVfymft (xjOiSJg* 

^u^;u.v lN v 2 . *ntsjtk*jui6gtcifiiiiE<^ai-c- 

[0031] U>>U H^cti, *j3KD-tM yi&. a? 
A >W.<nM^>k\s^MtT-WX*hh« -fit", H6k: 
^•f-J; 5 tn, tri- 7 h 2 o^igifsM'S' : f"C^ / <^fl; 
ME05¥lfi£0 (m*-l£, 2. 5V) fcU C<7)f§ifg 

m%*>t>^^ii o . ■?'t>i&f k ( x ) coeffl 

x |>. 

f B . (X) =-k ■ A • cos (X-p ) +V 2 
f b* (X) =-k • A • cos ( -X-p ) + V 2 

= k • A • cos (X + p) +V 2 ••• (10) 

JblE ( 9 ) st, (10) 5t<7);fn£ 2#CD 1 LfcflBi. 3 . 
> f s ( x ) emt&tp'bl' 'K)l-V 2 iZi&ij&T'f) C 0 0 3 3 ] 

•5s c i\& i E (x) cm^'kmmv^ii 13 

fi= ( f B _ (X) +f E+ (X) ) /2 
= ( - k ■ A • cos ( X - p ) + V 2 + k • A • cos ( X + p ) + V 2 } / 2 
= ( 2 k ■ A ■ sin ( X ) • sin ( p ) + 2 V 2 ) /2 
= k • A • sin (sitr 1 ( — Vj y'A ) ) ■ sin ( p ) + V 2 
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f A <x) =0 = A • sin (x) +Vj 
x=sin-» (-Vj/A) =X ••• (S) 

zcommm^'^u-^jio t-?4 >m t A c x > comm 
M&4"b\s'<*iuv 1 1 y&f b ( x ) commits* 
>[>w<^v 2 £ c7)P B 1(;(±^:# ^-ffi^ii^ < , im >m f A 
(x) <9{£ffix#. x = xcom. 3-*M yifcft (x) 
OSSi|B(iS'hffl(Cifi< , x = jr-X<7)t 3lM>i& 
f E (x) «ffii|S<iS^:(i{ci£< . %ZX\ (Sffix #x 

= X<DBfc7)3lM X&f E (x) <?>£fiffi£f 

E - (X) . &fflxj&*x = jsr-X<OB#<?)=i-!M y&f 

B ( x ) 0£HI££ f E+ ( X ) fc-f & £: , 
... ( 9 ) 



= -k • V, - sin (p) +V 2 

</l-V 2 fcc7)3£d 2 <2. 

d 2 =V 2 -y9 

= k • V, • sin ( p ) •■• (12) 

EO*ffl-Sr0 (CTitf. 2. 5V) tL. ZcommMte 



- (11) 
Ot^-cf^, 3HM>?&f B (x) 0(4ffix 

[0034 ] 

f E ( x ) = 0 = — k A • cos ( x — p ) + V 2 



x=cos-' (V./kA) +p=Y ■ 
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V, t (Vmizl£±Z £-ffljt<i3r < , f e ( x > 

<^[fflx*f. x = Ym, "M>i&f ft <x) coffin 
*/J sffltCifi < , x = 7T - Y(D t # . >WL f a ( x ) 

t>fyfef, (x) c7)fi?iH<I£ f fi - (Y) . Oifflx^x 

= K-YCO&fWJ >"if A ( x ) f>stsfl£ f 

A+ (Y) is-f&i:. [0035] 
«= (f fi+ (Y) -f fi - (Y) ) /2 
= i-A - sin (Y) +Vi-A • sin ( Y) + Vj } /2 
= (-2A ■ sin ( Y) +2V, ) /2 
= -A • sin (cos" 1 <-Vj/ k A ) +P ) + V, 



f (Y) =A • sin (Y) +V, - (14) 

f fl< ( Y) =A - sin ( 7T-Y) +V, 
= -A - sin (Y) +V, •■• (15) 
±IE ( 1 4 ) 5\L (15) irtiOWar 2%<K 1 LfcWi. 
-t^f >iftf A (x) ^K4"t«^^ V! tcjfi ^fflT* 
0. Cit£-!M >i£f fl ( x ) <0(R«t"t'Saa^^« fc 



= -l/k • Y~ • sin ( p ) +V, 
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f fl ( x) =a = A • sin (x) +V 1 
x=sin-i ( (a-v, ) /A) =X 



St-VifcOftdikL 
d 1 =V 1 -a 

= (V,/k ) ■ sin ( P ) ••• ( 1 7 ) 

-tM>i&f ft (x) ^^'DfgitSK^«?rffl^ X* (7) sSKftAL, ®feffif B 

1 f B ( x ) <OW^jHB«t"D^"^l'M B *r*y) ( X ) ^i^S t . 

f b- (X) =-kA -cos (X-p) +V 2 ••• (19) 
f Bt (X) =-kA - cos (tz-X-p) +V 2 

= k A • cos (X + p ) +V 2 ••• (20) 
(19). (20) 3ifrt?. n-F-f >i£f B ( x) co® ^g|gfNl«K/^MB**«>6i:» 
M B = (f E . (X) +f Et (X) ) /2 

= { -kA ■ cos (X-p ) + V 2 + kA cos (X + p) +V 2 } /2 
= k (a-V,) - sin ( P ) +V 2 . ••• (2 1) 

e 2 = V 2 -M B = -k (a-Vi ) -sin ( P ) (22) 
(16) j£lz£K>. a— 1/k ■ V 2 - sin ( p ) +V e^V^Mft 
! T'hhfrt* . (22) S«a *iB*t"C . TIE ( 2 
3 ) 



(X) 



(IS) 



[0 0 3 7] e 2 =V 2 - sin 2 (p) 



little, =JlM >-jfef B ( x ) <^5 eMails U-^L /3 £ 
ffltvt-tM >i£f a ( x ) £0SSM(i4"C,»K'l'Mft &:& 
tb. -tM>'?&f A (x) 0>n6BH4>'C^^l'M a j:tW 
'v'L -V, fc OS e j £ i: „ 

e 2 =V 2 • sin* (p ) =± 2 ( 0 . 
= ±0.0 2 1 

= ±0.43 (ADC: T+u fr-J9)Vt) V 1- fficOJifi 



= V 2 ■ sin 2 (p ) ■•• ( 24 ) 
(23.) >bUUV0>W$&mfei* . 2 . 5 ± 0 . 0 2 ( h ) T* 

OfHSStBCi 2. 5 ± 0 . 0 3 5 ( XlV V ) X'h '3 , e 

mpiz£zi*mim : £9om±i omt^&t. adc 

b'-y Ht, 
0 3 5Xsin 2 (10)) 



b'-y H 



lit. 2fgL^{iCl«m^--v h 2 OT'tS 

[ 0 0 3 S3 «f-5t . S»«#ttCffl*StrtfcOWS£ 

k= (f B+ (X) -f B . (X) ) / ( fft 

[00403 ztit><?>&mmm&&iL Lxapm&& 
[00413 nm\n& ( 1 ) - < 4 ) (sv 7 utr 

[004 2] 

A' =AD 1 -5 1 2 ••• ( 1 ) ' 



2 . 5 ± 0 . 0 3 5 tf/l- h <n&mtoiZ&jE.-t hZtlzX 

[0 0 39] SfiJtk ii> 
. (Y) -fft. (Y) ) - (25) 
B' =AD2-5 1 2 - (2) ' 

C = ( A ' +B' ) • 2- 1/2 - (3) ' 
D " = ( B ' -A' ) • 2-" 2 - (4) ' 
ZZX\ A' , B' (±"9">f>^. >-&<Z)T-fo^ 
Tv'^/^mffl. C , D' mRi®T^O^^<7)T^ 
n^^iWSOMi. ad 1 (iiM ySwrto^fy 
AD 2{i3-^-f >lfc<?>T-*u?'TisfA' 1 gL 



(7) nmVl 1-1 7 3S46 



mm. 5 1 2itmm<^"C^^ji- (2.5 1- ) cdt-t 

& B ' h T'Ji - fiH+'frl^t' 5 1 2 t' y h L T 

*. 

[0043] 

A" = AD 1 -H I P 1 ••• ( 1 ) 

B" = k (AD2-HIP2) •■• (2)" 

C "= <A" + B") • 2" 1 ' 2 ■■■ ( 3 ) " 

D"= (B^'-A") • 2" 1 ' 2 •■■ (4) " 

U 1M (f ft+ (Y)-f». (Y))k3f 

■ly&vxm ( f »« (x) -f B - (x) ) tsr2ni^ai 

U 9 0&± 1 OJgtf>I5Hll*lt:'J>M >-X^r— /H £EME 
$-£"C2GMftif5U •*M>'%i<VMffi (f ft+ (Y) - f A . 
( Y ) ) i: vS^Sffi ( f s + ( X ) - f 

„- (x) ) fc£4sat*u im >'m<vm%Mm*>bi' 
tx ^ * y tc f Bit. s ax mm*- H * i& 

[0 044] iot, Kaz 7 h2 0C. a-^'jx 
;nc*r?if >T &%ffi<r> Kills «**l> U^/l-Z WLffi 

[HI ] 




*>f:.i?>rD/5AJffl^. (i) "-(4) 
fliJtifflfitf^ i: t««Wtc«9Baj*OSISM 

[004 5] 

[HI] d— ^Ui>'3-^a-7 hOWKffiltL&TF; 

[02] -y-f v&t^-'M >%Lti,zmn^x£s$LZtL 

[03] #«®fc*^vc«K£J^^4*£tf>RB|j 

[04 ] *«Bjfcflijb«3l»«<0WSI2rc*> 0 . 

( a ) (±IEM0. ( b ) li{B9®0T*5 . 

[05] -»M ^i:^^ >^i:^*ifB> J©H'*M>1' 

wzm& h&^t (Dttimmtommmx'h h . 

[06] +M>i&i3HM>«fcW©«H^I>W< 
[*3F*Otft93] 

1 o-jifi«s 

14. 1 5-D-^"JXy3-^>yb 

2 0-tfa--/h 



[02] 



A C B 0 -A 




(S) 



wear 1 1 - 1 7 3 S 4 6 



ms) [EM] 




